ABSTRACT Three experiments were conducted to examine the in vitro development of preimplantation embryos from the prolific Chinese Meishan pig. 
Introduction
The Meishan belongs to the group of Taihu breeds of pig from China noted for their prolificacy; some litters contain as many as 31 pigs (Peilieu, 1984) . Animals from several families within the Meishan breed were imported into the United States in 1989 t o enable investigations into the mechanismb) that mediate their high reproductive capacity. Twenty-two females and 10 males that ranged from 10 to 12.5 mo of age established the foundation population of Meishan pigs at Iowa State University. J. h i m . Sci. 1993 Sci. . 71:1561 Sci. -1565 Previous studies conducted in France and the United Kingdom have not conclusively identified the biological mechanism through which the exceptional prolificacy of the Meishan is achieved (Bazer et al., 1988; Wilmut et al., 1992) . It is reasonable to assume that the high litter size observed in Meishan females results from an increased ovulation rate, an increased fertilization rate, and(or) an increased embryo survival. Although studies have not specifically addressed fertilization rates in the Meishan breed, it is generally accepted that fertilization rates typically exceed 95% in the pig (Perry and Rowlands, 1962) . Bazer et al. (1988) proposed that embryos from Meishan females develop more uniformly, leading to an increased level of embryo survival. Haley and Lee (1990) also reported that a higher level of embryo survival at a given ovulation rate seemed to account for the increased litter size; however, the role of the embryo vs that of uterine environment in increased embryo survival was not elucidated.
The objective of the present study was to compare the developmental pattern of Meishan preimplantation embryos with that of Yorkshire embryos in the absence of uterine environment by use of an embryo culture system. 
Materials and Methods
Meishan and Yorkshire gilts exhibiting at least two consecutive estrous cycles of normal duration (18 t o 22 d ) were used in these experiments. Gilts were allocated to this study based on the number of estrous cycles exhibited (average of 3.0 for Meishan and 2.9 for Yorkshire) rather than on age or BW to obtain animals at an equivalent reproductive age. For our Meishan population, age at first observed estrus averaged 134 d. Average BW at the time of embryo collection was 59 kg.
Estrus was detected once daily at 0800, and gilts exhibiting estrus were hand-mated to boars of their own breed. Embryos were collected via mid-ventral laparotomy approximately 48 to 54 h after first detection of estrus as previously described (Ford and Christenson, 1979) . The number of corpora hemorrhagica, as well as the number of large ( 8 to 10 mm), unovulated follicles (if any), were recorded at the time of embryo collection.
Oviducts were flushed with phosphate buffered saline (Dulbecco's PBS, Whittaker Bioproducts, Walkersville, MD) containing 1% antibiotic-antimycotic but no serum or other protein source. Embryos were immediately located and transferred into .5 mL of fresh flushing medium in a four-well tissue culture plate. Embryos were maintained for up to 2 h at 39°C while additional embryo recoveries were performed.
One-cell embryos were evaluated for evidence of fertilization and embryos with two or more cells were classified for stage of development before being placed into culture. Embryos were placed individually into the inner wells of a 24-well tissue culture plate containing 1.5 mL of modified Whitten's medium (Table 1 ). All embryos were cultured in this medium at 39°C in an atmosphere of 5% COz in humidified air. At the end of the culture period, embryos were stained with the DNA-specific fluorochrome Hoechst 33342 (Purse1 et al., 1985) to enable counting of cell nuclei.
ET AL.
In Exp. 1, embryos were observed once daily throughout the 144-h culture period. In Exp. 2 and 3, embryos were observed at 8-h intervals (0600, 1400, and 2200 daily) throughout the culture period to enable collection of more precise data on the timing of morphological changes in the embryo. In Exp. 1 and 2, embryos were stained with Hoechst 33342 at the end of the 144-h culture period. In Exp. 3, however, embryos were cultured only until a distinct blastocoelic cavity could be detected, at which time nuclear staining was performed. Any embryo in Exp. 3 that failed to reach the blastocyst stage of development was stained after 144 h in culture. Immediately before staining of the early blastocysts, a photograph of each embryo was taken and subjected to image analysis (Youngs et al., 1987 ) on a Zeiss IBAS image analyzer. Embryo diameter, embryo area, embryo sphericity (all three exclusive of the zona pellucida), and zona pellucida thickness were measured and recorded.
As a part of Exp. 1, embryos from two additional Meishan gilts were collected, cultured for 96 h, and transferred to two synchronous Yorkshire recipient gilts to assess viability of embryos after culture. All embryos from each donor ( n = 14 and 17) were transferred to one recipient regardless of morphological appearance after culture. Approximately half a donor's embryos were placed into each uterine horn of one recipient gilt. The reproductive tract of each recipient gilt was examined after slaughter on d 25 to 27 post-estrus for the number of fetuses and fetal resorption sites.
At the time of embryo recovery, the status of ovulation in the gilts was classified as completed, in progress (i.e., one or more unovulated follicles present), or not yet initiated. These categorical data were analyzed using the methods of Harvey (1982) . The number of ovulations, embryo recovery and blastocyst formation rates, nuclei per blastocyst, and developmental times were analyzed using conventional least squares procedures with a model that included breed of embryo and donor gilt. Breed effects were tested using gilt within breed as the error term, and means were compared using Tukey's honest significant difference test (SAS, 1985) .
Results
Data on the number of ovulations and number of embryos recovered were not different among experiments and thus were pooled for subsequent analysis. No breed difference existed in either the number of ovulations or the proportion of embryos recovered ( Table 2) . Analysis of data on status of ovulation revealed no breed difference in the proportion of animals in each category (Table 3) . A similar proportion of gilts of both breeds had completed ovulation at the time of embryo collection. Similarly, no breed difference existed for the proportion of animals with ovulation in progress or not yet initiated. ( P > .lo).
aMeans within a column with a common superscript do not differ
The range in number of cells in harvested embryos was from one to eight for both breeds. Data from all three experiments were pooled for analysis of blastocyst formation rate. The proportion of embryos reaching the blastocyst stage was similar ( P > .lo) for both breeds (Table 4 ) and averaged 88%.
Evidence of continued in vivo development of cultured Meishan embryos was observed in both Yorkshire recipient gilts. One recipient contained no viable fetuses but had evident fetal resorption sites, whereas the second recipient maintained six fetuses (43% embryo survival).
Number of cell nuclei per blastocyst at the end of the 144-h culture period in Exp. 1 and 2 was similar and, thus, data were pooled for subsequent analysis. Meishan embryos contained fewer ( P < .01) nuclei than did Yorkshire embryos ( Table 4) .
Data from Exp. 1 indicated that Meishan embryos exhibited slower in vitro development than did Yorkshire embryos. One-cell Meishan embryos were slower ( P < .O 1) to cleave to the four-cell, compact morula and blastocyst stages. Likewise, four-cell Meishan embryos took longer ( P < .Ol) to reach the compact morula and blastocyst stages.
In Exp. 2 and 3, thrice daily observations permitted a closer scrutiny of embryo developmental patterns. As was found in Exp. 1, early Meishan embryos (one to three cells at the initiation of culture) grew more slowly than did Yorkshire embryos from the four-cell t o the compact morula (8.8-h difference; P < .02) and blastocyst (8.6-h difference; P < .09) stage of development ( Table 5 ) . 
Discussion
The two most likely explanations for the increased prolificacy of Meishan pigs are an increased ovulation rate and an increased level of embryo survival. Our data, collected on gilts of comparable reproductive age, .02).
.09). showed no difference in ovulation rate, a finding in agreement with the data of Legault (1985) and Martinat-Botte et al. (1987) . Our results differ, however, from those of Ashworth et al. (1990) and Haley and Lee (19901, who found higher ovulation rates in Meishan (21.7 and 19.3, respectively) than in Large White (17.1 and 14.9, respectively) gilts, and from those of Bazer et al. (19881, who reported lower ovulation rates in Meishan (14.9) than in Large White (16.2) gilts. These conflicting reports on breed differences in ovulation rate are likely attributable to genetic background differences in the populations used for each study or due t o differences in age, season, and(or) animal management. For instance, Christenson (1992) reported that ovulation rate of Meishan sows increases with each parity, in contrast to that of domestic sows, which reaches a plateau. Although the present study was not designed to examine the precise time of ovulation, no difference in the proportion of animals that had completed ovulation at the time of embryo collection was observed. Recently, Wilmut et al. (1992) estimated that Large White sows ovulate 14.7 h earlier after the onset of estrus than do Meishan sows (34.3 vs 49.0 h, respectively). In the present study, however, some Yorkshire and Meishan gilts had not yet completed ovulating at 48 h after the first detection of estrus, so extrapolation of the observation in sows made by Wilmut et al. (1992) to our study with gilts seems inappropriate. Further investigations into the time of ovulation in Meishan gilts are needed.
The high rate of blastocyst formation in both breeds indicates that our culture system is adequate and does not discriminate against embryos from one breed or another. These data, combined with observations of pregnancy after transfer of cultured embryos, indicate that our culture system is a reasonable model for studying embryo development.
Data from Exp. 1 on the rate of embryo development indicated a breed difference. These data, though, were viewed with caution because observations were made only once per day. However, the thrice daily observations in Exp. 2 and 3 enabled a more precise comparison of breed differences in embryonic growth and development rate and confirmed the observations of Exp. 1. It seems that cell cycle length of Meishan embryos is greater than that of Yorkshire embryos.
Data from Exp. 3 were collected to determine whether the lower number of cells observed in Meishan embryos after 144 h of culture could have been caused by potential differences in the time of ovulation. By staining embryos at a constant morphological stage rather than after a fixed period of time in culture, it was possible to eliminate potential differences in number of embryo cells resulting from differences in time of ovulation. Our data demonstrate that Meishan embryos develop more slowly from the four-cell stage (time of embryonic genome activation) to the compact morula stage.
Differences in rate of preimplantation embryo development have been reported previously for the mouse and the pig . Early reports comparing various strains of inbred and outbred mice (McLaren and Bowman, 1973; Titenko, 1977) demonstrated that strain of mouse affected embryo development rate and number of cells per blastocyst. Although the strain differences implied a genetic cause for the differential embryo development rates, an exact mechanism was not identified. Later studies, however, examined strains of mice that differed only in major histocompatibility complex ( MHC) haplotype . Results of these studies showed a relationship between the MHC haplotype and rate of embryo development. The observed differences in developmental rate and cells per blastocyst were not attributable to differences in time of Ovulation. Furthermore, these differences were related to an increased litter size.
In studies with highly inbred strains of the NIH miniature pig, Ford et al. (1988) demonstrated that females of the did haplotype produced embryos that contained fewer cells at d 6, 9, and 11 than did females of the aia or cic haplotype. Females of the did haplotype also exhibited an increased litter size (Conley et al., 19881 , and this increase could not be explained solely on the basis of increased ovulation rates. Hence, embryo survival in the did haplotype was enhanced.
Our data with Chinese Meishan gilts are similar to previous observations in the mouse and pig. Embryos from the Meishan pig develop more slowly and possess fewer cells. In both the mouse and the pig, genes associated with the MHC have been implicated as the cause of differences in embryo developmental rate and litter size. A similar mechanism may be acting in the prolific Meishan pig.
Implications
Reproductive inefficiency limits the profitability of swine production. Increasing the number of pigs born per farrowing by one would generate approximately $2 billion additional revenue in the U.S. swine industry annually. Embryos from the Meishan pig exhibit a different rate of development, a mechanism similar to that observed in mice and miniature swine that have increased embryo survival and litter size. If this mechanism, which seems to be of embryonic origin, is due to a single gene linked t o the swine major histocompatibility complex, the identification, cloning, and transfer of the gene (or screening of populations for the gene) could greatly improve swine production.
